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Urinary acidification by 
the connecting tubule
Acidifi cation of the urine occurs in 
the proximal and collecting tubule. In 
the latter, the intercalated cells secrete 
acid by a vacuolar H+ translocating 
ATPase. Th is large protein composed of 
as many as 14 subunits is located in the 
apical membrane of the acid-secreting 
intercalated cell. Th ese cells are present 
in the connecting tubule and the cortical 
and medullary collecting tubules. Th e 
other cells of these segments, termed 
principal cells, mediate sodium (Na) 
absorption wherein Na enters the 
cell through the amiloride-sensitive 
epithelial Na channel (ENaC), a protein 
composed of three subunits, α, β, and 
γ. Both Na absorption and H+ secretion 
are ‘electrogenic,’ that is, the response to 
a transepithelial membrane potential. 
Na absorption through ENaC causes 
the lumen of the tubule to become 
negative with respect to the blood, hence 
favoring the secretion of H+ through the 
vacuolar ATPase. Increased Na delivery 
to these segments (by diuretics such as 
furosemide) enhances Na absorption, 
making the lumen more negative and 
favoring H+ secretion. But does this 
interaction occur in all three segments? 
To answer this question, Kovacikova 
et al. tested mice that were defi cient in 
the B1 subunit of the vacuolar ATPase, 
a subunit that is expressed only in the 
intercalated cell. Furosemide had a trivial 
eff ect on urinary acidifi cation, indicating 
that the response to Na absorption was 
due to activation of H+ secretion by 
the intercalated cells. Recently, mice 
were generated lacking the α subunit 
of ENaC. Th ese mice were unable to 
reabsorb Na in the cortical and medullar 
collecting tubule, but the connecting 
tubule continued to have normal ENaC 
function. Th e authors infused these mice 
with furosemide and found, to their 
surprise, that the diuretic induced normal 
urinary acidifi cation. Th ese results 
show that simply having a functional 
connecting tubule is suffi  cient to cause 
the interaction between Na absorption 
and H+ secretion. Th is study highlights 
the importance of this segment, a 
region of the nephron long thought to 
be too short and trivial to conduct any 
signifi cant ion transport. See page 1706. 
An accompanying Commentary by 
Capasso can be found on page 1674. 
Subtypes of 
focal segmental 
glomerulosclerosis
Focal segmental glomerulosclerosis 
(FSGS), a relatively common renal 
disease, has a morphological description 
that reveals several subtypes. Idiopathic 
FSGS occurs in fi ve clearly defi ned 
pathologic variants: collapsing, cellular, 
glomerular tip lesion, perihilar, and 
a form that is not yet clearly defi ned. 
A paper by Stokes et al. addresses the 
question of whether these morphological 
subtypes have diff erent clinical 
presentations. Studies compared the 
presenting clinical and pathologic 
characteristics in 225 patients with 
various kinds of FSGS. Th e cellular, 
collapsing, and tip lesion types all 
showed greater frequency and severity 
of nephrotic syndrome. Collapsing 
FSGS had the highest rate of renal 
insuffi  ciency at presentation, the most 
extensive glomerular involvement, 
chronic tubulointerstitial disease, the 
fewest remissions, and the highest rate 
of end-stage renal disease. Th ose with 
glomerular tip lesions showed the highest 
remission rate and the lowest rate of 
end-stage renal disease. Th ese fi ndings 
provide a new framework for analysis 
of renal biopsies in such patients. Given 
that the proximate etiology of FSGS is 
still obscure, careful clinicopathologic 
classifi cations should allow refi nements 
in the diagnosis of FSGS. Th is initial 
study already demonstrates that the 
cellular form of FSGS is signifi cantly 
diff erent from the collapsing type. Future 
studies will probably identify the causes 
of these diff erences in morphology that 
underlie the basic defect of various types 
of FSGS. See page 1783.
Urine proteomics
Kidney International is getting many 
article submissions on the topic of 
proteomic analysis of urine proteins. 
Unfortunately, many of them are 
descriptive and either (1) do not test a 
hypothesis or (2) do not formulate novel 
insights in diagnosis or prognosis of renal 
diseases. However, a paper in this issue by 
Zhou et al. suggests a new test that might 
be useful in diagnosis of acute kidney 
injury. Th e authors performed proteomic 
analysis of urine from normal rats and 
compared it with that from rats subjected 
to cisplatin treatment to produce acute 
kidney injury. Th ey also induced ischemic 
injury and pre-renal azotemia. Finally, 
they tested the urine from patients 
diagnosed with acute renal failure in an 
intensive care unit. Using these methods, 
they found that early in the course of acute 
injury, increased excretion of fetuin in the 
urine, a protein not previously thought 
to be present in the kidney, occurred. 
Remarkably, they discovered that the 
source of this protein was exosomes 
— bags of plasma membrane that form as 
blebs in response to injury and are then 
shed into the urine. Th e animals with 
cisplatin nephrotoxicity and patients in 
the intensive care unit all had increased 
excretion of exosomal fetuin before 
elevation of serum creatinine. Excretion 
remained elevated for 5 days aft er the 
onset of the injury. Fetuin excretion was 
not increased in pre-renal azotemia. Th ese 
data suggest that fetuin excretion might be 
a useful marker in the diagnosis of renal 
injury in acute tubular necrosis. Th e paper 
also provides a model investigation using 
a high-technology method in the service 
of a clinical problem. See page 1847.
